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Program  - Project - Job: SNS-FES MEBT 

Beam Transport Systems 
     
Title: Chopper Beambox Design Package 
 

1. Scope 
This engineering note describes the mechanical design for the Chopper and Antichopper 
beamboxes.  Included are: part and assembly drawings, a discussion of the mechanical design 
and the constraints imposed by physics requirements, CAD renderings and photographs, 
engineering calculations, outside vendor component information, and fiducialization data for the 
two beamboxes that were fabricated. 

2. Drawings 
 

25B420 4 E CHOPPER ASSEMBLY INTERFACE 
25B421 4 E CHOPPER BOX WELDMENT 
25B422 4 D CHOPPER BOX BOTTOM PLATE 
25B423 4 D CHOPPER BOX END PLATE 
25B425 4 D CHOPPER BOX SIDE PLATE 
25B426 4 C CHOPPER BOX COVER ASSEMBLY 
25B427 4 A CHOPPER BOX HINGE ASSEMBLY 
25B428 4 B OUTER HINGE ASSEMBLY 
25B429 4 E CHOPPER BOX TOP PLATE 
25B431 4 D INNER HINGE ASSEMBLY 
25B432 2 A HINGE ASSEMBLY BEARING 
25B433 4 B CHOPPER BALL JOINT ASSEMBLY 
25B434 3 A CHOPPER BALL JOINT BRACKET 
25B435 2 A MICROMETER INTERFACE FLANGE 
25B446 2 A ROD END 

 
Copies of all drawings are included in Appendix A. 

3. Design Overview 
Chopper beamboxes mounted on the first and third rafts of the MEBT contain traveling wave 
Chopper structures, provided by Los Alamos National Laboratory (LANL).  The design process 
involved an ongoing exchange of information between LANL and LBNL, in order to avoid 
interferences and select feedthrough locations.  
 

 
3.1 Alignment 

The required positional accuracy of the Chopper Structures, with respect to the beam 
centerline, Is large compared to other beam transport components in the MEBT.  The design 
goal was 10 percent of one sigma of the beam in the y-direction.  With sigma equal to roughly 
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2 mm, the requirement for vertical alignment was set at 0.2 mm.  The requirements in the x 
and z-directions were driven by mechanical, rather than beam transport considerations.  Each 
Chopper structure will be suspended in its beambox on a hinge assembly at one end and an 
adjustable micrometer feedthrough at the other end, to enable pitch adjustment during tuning.  
The vertical location of the hinge assembly can be set with shim washers between the inside of 
the cover plate and the top of the hinge.  The position of each Chopper structure will be set 
during assembly with respect to the interface plane of the cover plate.  The mounting surface 
on the beambox has been fiducialized with respect to survey targets on the exterior of the 
beamboxes. This system will allow the position of the Choppers in the MEBT to be measured 
and adjusted with minimal disassembly. 
 
3.2 Spatial Constraints 
The mechanical design was spacially constrained by interfaces with adjacent beamline 
components in the MEBT.  The inside dimensions of the beambox and the external dimensions 
of the Chopper structures were selected such that the Chopper structure could be assembled 
on the beambox cover and then inserted, from above, into the beambox.  The external 
dimensions of the beambox were limited by the MEBT Profile Monitor beamboxes, installed on 
the ends of the Chopper beamboxes. 
 
The location of numerous vacuum feedthroughs on the cover plate was carefully selected to 
simplify connections inside the beambox.  Each cover plate contains the following ports for 
feedthroughs, all are 2-3/4” ConflatTM flanges: 
• Four flanges for individual high-voltage feedthroughs (LANL will provide). 
• Two scraper signal feedthrough flanges for a total of 4 BNC connectors (LANL will provide). 
• One water feedthrough flange for cooling water inlet and outlet lines (LANL will provide). 
• One micrometer feedthrough flange for support and alignment of the end of the each 
Chopper structure (LBNL will provide micrometer feedthrough). 
 
Three ports are provided on either side of the beambox (4-1/2 Conflat flanges) for Pyrex glass 
viewports.  These viewports will make possible visible inspection of the meander line structure 
down the entire length of the Chopper during operation. 
 
 
3.3 Deformation and Natural Frequency Analysis 
Vacuum deflection calculations were performed to verify the stability of the vertical position of 
the Chopper structures.  The analysis concluded that changes in barometric pressure would 
have no noticeable affect on the alignment of the Chopper structures during operation.  The 
natural frequency of the Chopper assemblies on the MEBT rafts was determine to be 
adequately high, well above 100 Hz, to avoid excessive resonance during transportation or 
seismic events.  

4. Fabrication and Assembly 
The beambox is comprised of One-half-inch-thick 304 stainless steel plate, with vacuum-tight 
welds on the interior and structural welds on the exterior.  Because the clearance between the 
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Chopper structures and the inside walls on the ends of the beamboxes is small, care was 
taken to incorporate indexing features in the plates to align them during welding.  Special care 
was taken during design and fabrication to correctly position beamline holes on the end walls 
of the beambox in relationship to the surface of the top flange. 
 
The two beamboxes were identically fabricated.  After fabrication, the beamboxes were 
measured on a coordinate measurement machine and unique part numbers were etched on 
the top flange of each weldment.  Unique mounting shims were fabricated to compensate for 
the slight differences in the location of the mounting feet which were measured during 
fiducializatoin.   

5. SNS - FES Personnel 
Daryl Oshatz, MEBT Lead Mechanical Engineer 
Andrew S Zachoszcz, Design Engineer 
Don Syversrud, Lead Mechanical Technician 

6. References 
[1] D. Oshatz, A. DeMello, L. Doolittle, P. Luft, J. Staples, A. Zachoszcz “Mechanical Design Of 

The SNS MEBT,” PAC ’01, Chicago, June 2001. 
URL:  http://pacwebserver.fnal.gov/papers/Tuesday/AM_Poster/TPAH152.pdf 

 
[2] D. Oshatz, “FE-ME-045, MEBT Chopper Systems Coordination Meeting,” January 11, 2001. 

7. Appendices 
Appendix A: Component and Assembly Drawings 
Appendix B: CAD Images and photographs 
Appendix C: Engineering Calculations 
Appendix D: Outside Vendor Component Information 
Appendix E: Beambox Fiducialization Data
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Component and Assembly Drawings 
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APPENDIX B

CAD Images and photographs of Chopper Beambox



CHOPPER BEAMBOX ASSEMBLY



CHOPPER BEAMBOX SUSPENSION SYSTEM



CHOPPER AND ANTI-CHOPPER LOCATIONS IN MEBT

ANTI-CHOPPER
ASSEMBLY

CHOPPER
ASSEMBLY



CHOPPER BOX WELDMENT

CHOPPER BOX WELDMENT



CHOPPER BOX LEAK TEST PREPARATION

CHOPPER BOX COVER ASSEMBLY
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1 Cover plate deflection under due to atmospheric pressure variations 
Atmospheric pressure variations can cause distortions of vacuum beamboxes when large 
surfaces areas are exposed to the atmosphere on one side and vacuum on the other.  Because 
movement of the Chopper Structures could affect the beam being transported through the 
MEBT, the total amount of deflection caused by vacuum loading was determined.  Only a 
fraction of the total deflection caused by vacuum loading would translate into movement of the 
Chopper structures inside the beamboxes during variations in barometric pressure.  For 
example, during storms barometric pressure can easily vary by as much as ten percent. 

1.1 Spreadsheet calculation using Roark’s formula for rectangular plate 
deflection 

1.1.1 Scope 
The Chopper plates are suspended from the cover plate of the Chopper beambox.  Physics 
considerations require that the position of the Chopper Structures vary by no more than ten 
percent of the sigma of the beam.  With sigma roughly equal to 2 mm, this requirement 
translates into an alignment goal of 0.2 mm or 0.079 inches.  These analytic calculations are 
based on Roark's formula for a flat rectangular plate of constant thickness. 
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Cover edges simply supported
Maximum stress

Max σ[lb/in^2]= β*q*b^2/t^2= 1186.4533 lb/in^2*in^2/in^2=lb/in^2

q[psi]= 14.7
a[in]= 14.5 longer side of cover at the support edge
b[in]= 10 shorter side of cover at the support edge
t[in]= 0.75
a/b= 1.45

β= 0.454 [1] page 458
Maximum deflection

Max y [in]= α*q*b^4/E/t^3= -0.00097

α[−]= 0.078 [1]
E[lb/in^2]= 2.80E+07

Cover edges fixed

Maximum stress
Max σ[lb/in^2]= β1*q*b^2/t^2= 1139.4133 at center of long edge [1] page 458
Max σ[lb/in^2]= β2*q*b^2/t^2= 546.18667 at center [1] page 458

Maximum deflection
Max y [in]= α*q*b^4/E/t^3= -0.00029

β1= 0.436 [1] page 458
β2= 0.209 [1] page 458

α[−]= 0.023 [1] page 458

 

1.2 FEA Analysis 
A finite element analysis of the cover plate was performed using ANSYS, version 5.6.  The 
model utilized quarter-symmetry. The contour plots that follow show deflection values in inches. 
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1.2.1 Edges Simply Supported 
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1.2.2 Edges Fixed 
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The maximum deflection of a plate with fixed edges is .00031” 

1.3 Conclusions 
The most conservative solution, that with simply supported edges, provides an upper bound for 
the amount of deflection anticipated for the cover plate due to atmospheric pressure variations.  
The deflections predicted by the FEA solution are smaller than those predicted by the analytic 
solution due to the rounded corner of the plate in the FEA model.  The results indicate that the 
areas of the cover plate where the suspension bracket would attach would deflect 0.00025” with 
one atmosphere of external pressure.  Extreme barometric pressure variations due to storm 
activity are likely to move the cover plate approximately ten percent of this amount.  This 
movement is entirely negligible given the physics requirements. 
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2 Natural frequencies for the chopper support 

2.1 Scope 
Because of the possibility of accelerations during shipping and seismic events, the natural 
frequency of vibration in the vertical direction is calculated.  The Chopper Assemblies are 
supported on 4” by ½” thick tabs extending from either side of the bottom plate of the beambox 
weldment [2]. Roark’s formulas [1] were used for the calculation. Two cases were analyzed: 
 

Simply supported beam

[1]  page 714 f=6.93/2PI*(E*I*g/W/L^3)^(1/2) = 19.53 Hz Natural frequency
E [psi]= 2.90E+07 steel
I [in^4]= 0.041667 4x0.5 plate
g [in/sec^2] 386.1
W[lb]= 400.00 weight

[2] L[in]= 15.5 span

Fixed support
Span reduced by width of the box

[1]  page 714 f=13.86/2PI*(E*I*g/W/L^3)^(1/2) = 184.79 Hz Natural frequency
E [psi]= 2.90E+07 steel
I [in^4]= 0.041667 4x0.5 plate
g [in/sec^2] 386.1
W[lb]= 4.00E+02 weight

[2] L[in]= 5.5 span
 

2.2 Conclusions 
The natural frequency of the chopper box suspension is significantly above 100 Hz and should 
not be the source of excessive vibration during transportation or MEBT system operation. 

3 References  
[1] Roark''s Formulas for Stress and Strain, Sixth Edition 
[2] LBNL Drawing 25B429, 25B422 
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APPENDIX D

Outside Vendor Component Information



fiHuntington
®

Motion & Positioning Devices

Huntington® Labs. 1040 L’Avenida •  Mountain View • CA  94043 Call Toll Free: 800-227-8059
In CA.: 650-964-3323 Fax: 650-964-6153 Email:vacman@huntvac.com

B–11

®

Dimensions = inches (mm)    Weights = lbs (kg)

LINEAR – MANUAL
HAND KNOB - 0.05 LEAD

SPECIFICATIONS
Sealing Mechanism: Welded Bellows Maximum Axial Load: 25 lbs. (11.3 kg) concentric load

Material Exposed to Vacuum: Stainless Steel Maximum Lateral Load: 20 lbs. (9.1 kg) @ tip in ret. position

Bakeout Temperature: 200° C (max) Scale Resolution - Linear: 0.05 in. and 1 mm

Operating Temperature: -20 to 150° C - Dial: 0.002 (0.05 mm)
Pressure Range: 1 x 10-11 Torr Thread Lead: 0.05 (1.3 mm) per revolution

Position Lock: Thumb Screw

L-2211 SERIES
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APPENDIX E 
 

Fiducialization Data 



 

 

Lawrence Berkeley National Lab 
Precision Measurement Services 
Robert Connors   
Building 77/158   
(510) 486-7611   
   
   DESCRIPTION       : chopper box weldment fidual 
   
   PART              : Chop Box #1 
   
------------------------------------------------------------------------------ 
             MEAS         NOM         DEV        UPTOL       LWTOL        O/T 
------------------------------------------------------------------------------ 
       POINT BEAM_ORIGN CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X           0.0000     -0.0010      0.0010      0.0000      0.0000      0.0010 
Y           0.0000      0.0021     -0.0021      0.0000      0.0000     -0.0021 
Z           0.0000     -0.0002      0.0002      0.0000      0.0000      0.0002 
I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       PLANE DAT_A CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X          -0.0009     -7.5168      7.5159      0.0000      0.0000      7.5159 
Y          -0.0105     -1.0054      0.9948      0.0000      0.0000      0.9948 
Z           5.6984      5.7026     -0.0043      0.0000      0.0000     -0.0043 
I           0.0000     -0.0095      0.0095 
J           0.0000     -0.0021      0.0021 
K           1.0000      1.0000      0.0000 
Flat                                0.0066      0.0010                  0.0056 
_______________________________________________________________________________
_ 
       POINT IN_PNT CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X          -7.7483     -7.7510      0.0027      0.0000      0.0000      0.0027 
Y           0.0000      0.0021     -0.0021      0.0000      0.0000     -0.0021 
Z          -0.0002     -0.0002     -0.0000      0.0000      0.0000     -0.0000 
I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT IN_C_PNT CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X          -7.3762     -7.3760     -0.0002      0.0000      0.0000     -0.0002 
Y           0.0000      0.0021     -0.0021      0.0000      0.0000     -0.0021 
Z          -0.0002     -0.0002     -0.0000      0.0000      0.0000     -0.0000 
I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT OUT_C_PNT CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X           7.3742      7.3740      0.0002      0.0000      0.0000      0.0002 
Y           0.0000      0.0021     -0.0021      0.0000      0.0000     -0.0021 
Z           0.0002     -0.0002      0.0004      0.0000      0.0000      0.0004 
I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT OUT_PNT CART PCS11 INCH ANGDEC 10:02 June 01,2001 
X           7.7483      7.7490     -0.0007      0.0000      0.0000     -0.0007 
Y           0.0000      0.0021     -0.0021      0.0000      0.0000     -0.0021 
Z           0.0002     -0.0002      0.0005      0.0000      0.0000      0.0005 



 

 

I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       PLANE NEAR_BOT CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           0.0001      0.8084     -0.8083      0.0000      0.0000     -0.8083 
Y          -7.4827     -7.3916     -0.0911      0.0000      0.0000     -0.0911 
Z          -4.2906     -4.3000      0.0094      0.0000      0.0000      0.0094 
I          -0.0003      0.0000     -0.0003 
J          -0.0061      0.0000     -0.0061 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       PLANE FAR_BOT CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -0.0005      0.0178     -0.0183      0.0000      0.0000     -0.0183 
Y           7.4836      7.0507      0.4329      0.0000      0.0000      0.4329 
Z          -4.2865     -4.3000      0.0135      0.0000      0.0000      0.0135 
I           0.0000      0.0000      0.0000 
J           0.0070      0.0000      0.0070 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       POINT NEAR_DOWN CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           2.0018      2.0000      0.0018      0.0000      0.0000      0.0018 
Y          -7.0496     -7.0500      0.0004      0.0000      0.0000      0.0004 
Z          -4.0511     -4.0500     -0.0011      0.0000      0.0000     -0.0011 
I           1.0000      1.0000     -0.0000 
J          -0.0010     -0.0000     -0.0010 
K           0.0025      0.0000      0.0025 
_______________________________________________________________________________
_ 
       POINT NEAR_UP CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -1.9984     -2.0000      0.0016      0.0000      0.0000      0.0016 
Y          -7.0493     -7.0500      0.0007      0.0000      0.0000      0.0007 
Z          -4.0491     -4.0500      0.0009      0.0000      0.0000      0.0009 
I          -1.0000     -1.0000      0.0000 
J           0.0001      0.0000      0.0001 
K          -0.0018      0.0000     -0.0018 
_______________________________________________________________________________
_ 
       POINT FAR_DOWN CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           1.9948      2.0000     -0.0052      0.0000      0.0000     -0.0052 
Y           7.0506      7.0500      0.0006      0.0000      0.0000      0.0006 
Z          -4.0511     -4.0500     -0.0011      0.0000      0.0000     -0.0011 
I           1.0000      1.0000     -0.0000 
J          -0.0008     -0.0000     -0.0008 
K           0.0018      0.0000      0.0018 
_______________________________________________________________________________
_ 
       POINT FAR_UP CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -2.0056     -2.0000     -0.0056      0.0000      0.0000     -0.0056 
Y           7.0511      7.0500      0.0011      0.0000      0.0000      0.0011 
Z          -4.0491     -4.0500      0.0009      0.0000      0.0000      0.0009 
I          -1.0000     -1.0000      0.0000 
J          -0.0009      0.0000     -0.0009 
K          -0.0024      0.0000     -0.0024 
_______________________________________________________________________________
_ 
      SPHERE BALL_A CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           6.2377      6.2500     -0.0123      0.0000      0.0000     -0.0123 



 

 

Y           6.7225      6.7227     -0.0002      0.0000      0.0000     -0.0002 
Z           4.0715      4.0716     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4999      0.5000     -0.0001      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -6.2484     -6.2500      0.0016      0.0000      0.0000      0.0016 
Y           6.7210      6.7209      0.0001      0.0000      0.0000      0.0001 
Z           4.0688      4.0689     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4998      0.5000     -0.0002      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_C CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -0.0054      0.0000     -0.0054      0.0000      0.0000     -0.0054 
Y           6.7119      6.7177     -0.0058      0.0000      0.0000     -0.0058 
Z          -3.0770     -3.0784      0.0014      0.0000      0.0000      0.0014 
Dia         0.4998      0.5000     -0.0002      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0000      0.0004                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -6.2394     -6.2500      0.0106      0.0000      0.0000      0.0106 
Y          -6.7257     -6.7258      0.0001      0.0000      0.0000      0.0001 
Z           4.0716      4.0718     -0.0002      0.0000      0.0000     -0.0002 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0003      0.0004                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           6.2508      6.2500      0.0008      0.0000      0.0000      0.0008 
Y          -6.7238     -6.7246      0.0008      0.0000      0.0000      0.0008 
Z           4.0746      4.0747     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0003      0.0004                   |+++* 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           0.0044      0.0000      0.0044      0.0000      0.0000      0.0044 
Y          -6.7177     -6.7177     -0.0000      0.0000      0.0000     -0.0000 
Z          -3.0785     -3.0784     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4999      0.4999     -0.0000      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0001      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
OUTPUT BALLS IN MM TO 6 PLACES 
      SPHERE BALL_A CART PCS11 MM ANGDEC 10:07 June 01,2001 
X       158.438815                         
Y       170.751276                         
Z       103.416509                         
Dia      12.698178                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 MM ANGDEC 10:07 June 01,2001 
X      -158.709858                         
Y       170.712376                         
Z       103.347591                         
Dia      12.695312                         
Cirlty                                        0.010000                   |++*+ 
_______________________________________________________________________________
_ 



 

 

      SPHERE BALL_C CART PCS11 MM ANGDEC 10:07 June 01,2001 
X        -0.137235                         
Y       170.481270                         
Z       -78.156037                         
Dia      12.695131                         
Cirlty                                        0.010000                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 MM ANGDEC 10:07 June 01,2001 
X      -158.479751                         
Y      -170.831894                         
Z       103.418575                         
Dia      12.691503                         
Cirlty                                        0.010000                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 MM ANGDEC 10:07 June 01,2001 
X       158.769548                         
Y      -170.783413                         
Z       103.493872                         
Dia      12.693317                         
Cirlty                                        0.010000                   |+++* 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 MM ANGDEC 10:07 June 01,2001 
X         0.112104                         
Y      -170.629645                         
Z       -78.193170                         
Dia      12.696367                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
 



Lawrence Berkeley National Lab 
Precision Measurement Services 
Robert Connors   
Building 77/158   
(510) 486-7611   
   
   DESCRIPTION       : chopper box weldment fidual 
   
   PART              : Chop Box #2 
   
------------------------------------------------------------------------------ 
             MEAS         NOM         DEV        UPTOL       LWTOL        O/T 
------------------------------------------------------------------------------ 
       POINT BEAM_ORIGN CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X           0.0000     -0.0065      0.0065      0.0000      0.0000      0.0065 
Y           0.0000      0.0085     -0.0085      0.0000      0.0000     -0.0085 
Z           0.0000     -0.0001      0.0001      0.0000      0.0000      0.0001 
I           0.0000      0.0000      0.0000 
J           0.0000      0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       PLANE DAT_A CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X          -0.0057     -7.5047      7.4990      0.0000      0.0000      7.4990 
Y          -0.0079     -1.1275      1.1196      0.0000      0.0000      1.1196 
Z           5.6981      5.7014     -0.0033      0.0000      0.0000     -0.0033 
I           0.0000     -0.0103      0.0103 
J           0.0000     -0.0018      0.0018 
K           1.0000      0.9999      0.0001 
Flat                                0.0079      0.0010                  0.0069 
_______________________________________________________________________________
_ 
       POINT IN_PNT CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X          -7.7469     -7.7565      0.0096      0.0000      0.0000      0.0096 
Y          -0.0000      0.0085     -0.0085      0.0000      0.0000     -0.0085 
Z          -0.0002     -0.0001     -0.0001      0.0000      0.0000     -0.0001 
I           0.0000      0.0000      0.0000 
J           0.0000      0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT IN_C_PNT CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X          -7.3730     -7.3815      0.0085      0.0000      0.0000      0.0085 
Y          -0.0000      0.0085     -0.0085      0.0000      0.0000     -0.0085 
Z          -0.0002     -0.0001     -0.0001      0.0000      0.0000     -0.0001 
I           0.0000      0.0000      0.0000 
J           0.0000      0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT OUT_C_PNT CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X           7.3729      7.3685      0.0044      0.0000      0.0000      0.0044 
Y          -0.0000      0.0085     -0.0085      0.0000      0.0000     -0.0085 
Z           0.0002     -0.0001      0.0002      0.0000      0.0000      0.0002 
I           0.0000      0.0000      0.0000 
J           0.0000      0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       POINT OUT_PNT CART PCS11 INCH ANGDEC 10:52 June 01,2001 
X           7.7469      7.7435      0.0035      0.0000      0.0000      0.0035 
Y          -0.0000      0.0085     -0.0085      0.0000      0.0000     -0.0085 
Z           0.0002     -0.0001      0.0003      0.0000      0.0000      0.0003 



I           0.0000      0.0000      0.0000 
J           0.0000      0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       PLANE NEAR_BOT CART PCS11 INCH ANGDEC 10:54 June 01,2001 
X          -0.0006      0.8084     -0.8090      0.0000      0.0000     -0.8090 
Y          -7.4826     -7.3916     -0.0910      0.0000      0.0000     -0.0910 
Z          -4.2921     -4.3000      0.0079      0.0000      0.0000      0.0079 
I           0.0004      0.0000      0.0004 
J          -0.0081      0.0000     -0.0081 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       PLANE FAR_BOT CART PCS11 INCH ANGDEC 10:54 June 01,2001 
X          -0.0005      0.0178     -0.0183      0.0000      0.0000     -0.0183 
Y           7.4836      7.0507      0.4329      0.0000      0.0000      0.4329 
Z          -4.2830     -4.3000      0.0170      0.0000      0.0000      0.0170 
I           0.0005      0.0000      0.0005 
J           0.0090      0.0000      0.0090 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       POINT NEAR_DOWN CART PCS11 INCH ANGDEC 10:55 June 01,2001 
X           1.9974      2.0000     -0.0026      0.0000      0.0000     -0.0026 
Y          -7.0499     -7.0500      0.0001      0.0000      0.0000      0.0001 
Z          -4.0512     -4.0500     -0.0012      0.0000      0.0000     -0.0012 
I           1.0000      1.0000     -0.0000 
J           0.0006     -0.0000      0.0006 
K           0.0022      0.0000      0.0022 
_______________________________________________________________________________
_ 
       POINT NEAR_UP CART PCS11 INCH ANGDEC 10:55 June 01,2001 
X          -2.0029     -2.0000     -0.0029      0.0000      0.0000     -0.0029 
Y          -7.0496     -7.0500      0.0004      0.0000      0.0000      0.0004 
Z          -4.0490     -4.0500      0.0010      0.0000      0.0000      0.0010 
I          -1.0000     -1.0000      0.0000 
J          -0.0002      0.0000     -0.0002 
K          -0.0020      0.0000     -0.0020 
_______________________________________________________________________________
_ 
       POINT FAR_DOWN CART PCS11 INCH ANGDEC 10:55 June 01,2001 
X           1.9939      2.0000     -0.0061      0.0000      0.0000     -0.0061 
Y           7.0503      7.0500      0.0003      0.0000      0.0000      0.0003 
Z          -4.0511     -4.0500     -0.0011      0.0000      0.0000     -0.0011 
I           1.0000      1.0000     -0.0000 
J           0.0002     -0.0000      0.0002 
K           0.0017      0.0000      0.0017 
_______________________________________________________________________________
_ 
       POINT FAR_UP CART PCS11 INCH ANGDEC 10:55 June 01,2001 
X          -2.0065     -2.0000     -0.0065      0.0000      0.0000     -0.0065 
Y           7.0506      7.0500      0.0006      0.0000      0.0000      0.0006 
Z          -4.0492     -4.0500      0.0008      0.0000      0.0000      0.0008 
I          -1.0000     -1.0000      0.0000 
J           0.0000      0.0000      0.0000 
K          -0.0022      0.0000     -0.0022 
_______________________________________________________________________________
_ 
      SPHERE BALL_A CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X           6.2456      6.2500     -0.0044      0.0000      0.0000     -0.0044 



Y           6.7257      6.7227      0.0030      0.0000      0.0000      0.0030 
Z           4.0694      4.0716     -0.0022      0.0000      0.0000     -0.0022 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0006      0.0004                  0.0002 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X          -6.2517     -6.2500     -0.0017      0.0000      0.0000     -0.0017 
Y           6.7278      6.7209      0.0069      0.0000      0.0000      0.0069 
Z           4.0762      4.0689      0.0073      0.0000      0.0000      0.0073 
Dia         0.4999      0.5000     -0.0001      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0004      0.0004                  0.0001 
_______________________________________________________________________________
_ 
      SPHERE BALL_C CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X          -0.0029      0.0000     -0.0029      0.0000      0.0000     -0.0029 
Y           6.7152      6.7177     -0.0025      0.0000      0.0000     -0.0025 
Z          -3.0700     -3.0784      0.0084      0.0000      0.0000      0.0084 
Dia         0.4999      0.5000     -0.0001      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0001      0.0004                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X          -6.2506     -6.2500     -0.0006      0.0000      0.0000     -0.0006 
Y          -6.7281     -6.7258     -0.0023      0.0000      0.0000     -0.0023 
Z           4.0722      4.0718      0.0004      0.0000      0.0000      0.0004 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X           6.2451      6.2500     -0.0049      0.0000      0.0000     -0.0049 
Y          -6.7289     -6.7246     -0.0043      0.0000      0.0000     -0.0043 
Z           4.0681      4.0747     -0.0066      0.0000      0.0000     -0.0066 
Dia         0.4998      0.5000     -0.0002      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 INCH ANGDEC 11:00 June 01,2001 
X          -0.0058      0.0000     -0.0058      0.0000      0.0000     -0.0058 
Y          -6.7206     -6.7177     -0.0029      0.0000      0.0000     -0.0029 
Z          -3.0657     -3.0784      0.0127      0.0000      0.0000      0.0127 
Dia         0.4999      0.5000     -0.0001      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0001      0.0004                   |*+++ 
_______________________________________________________________________________
_ 
OUTPUT BALLS IN MM TO 6 PLACES 
      SPHERE BALL_A CART PCS11 MM ANGDEC 11:00 June 01,2001 
X       158.637518                         
Y       170.832362                         
Z       103.361945                         
Dia      12.693623                         
Cirlty                                        0.010000                  0.0058 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 MM ANGDEC 11:00 June 01,2001 
X      -158.793029                         
Y       170.886645                         
Z       103.535563                         
Dia      12.696301                         
Cirlty                                        0.010000                  0.0014 
_______________________________________________________________________________
_ 



      SPHERE BALL_C CART PCS11 MM ANGDEC 11:00 June 01,2001 
X        -0.072490                         
Y       170.565256                         
Z       -77.978219                         
Dia      12.697023                         
Cirlty                                        0.010000                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 MM ANGDEC 11:00 June 01,2001 
X      -158.765255                         
Y      -170.893534                         
Z       103.434951                         
Dia      12.692251                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 MM ANGDEC 11:00 June 01,2001 
X       158.625637                         
Y      -170.914845                         
Z       103.328664                         
Dia      12.694745                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 MM ANGDEC 11:00 June 01,2001 
X        -0.146574                         
Y      -170.702259                         
Z       -77.868766                         
Dia      12.697002                         
Cirlty                                        0.010000                   |*+++ 
_______________________________________________________________________________
_ 
 



 

 

I           0.0000      0.0000      0.0000 
J           0.0000     -0.0000      0.0000 
K           0.0000      1.0000     -1.0000 
_______________________________________________________________________________
_ 
       PLANE NEAR_BOT CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           0.0001      0.8084     -0.8083      0.0000      0.0000     -0.8083 
Y          -7.4827     -7.3916     -0.0911      0.0000      0.0000     -0.0911 
Z          -4.2906     -4.3000      0.0094      0.0000      0.0000      0.0094 
I          -0.0003      0.0000     -0.0003 
J          -0.0061      0.0000     -0.0061 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       PLANE FAR_BOT CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -0.0005      0.0178     -0.0183      0.0000      0.0000     -0.0183 
Y           7.4836      7.0507      0.4329      0.0000      0.0000      0.4329 
Z          -4.2865     -4.3000      0.0135      0.0000      0.0000      0.0135 
I           0.0000      0.0000      0.0000 
J           0.0070      0.0000      0.0070 
K          -1.0000     -1.0000      0.0000 
Flat                                0.0000      0.0010                   |*+++ 
_______________________________________________________________________________
_ 
       POINT NEAR_DOWN CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           2.0018      2.0000      0.0018      0.0000      0.0000      0.0018 
Y          -7.0496     -7.0500      0.0004      0.0000      0.0000      0.0004 
Z          -4.0511     -4.0500     -0.0011      0.0000      0.0000     -0.0011 
I           1.0000      1.0000     -0.0000 
J          -0.0010     -0.0000     -0.0010 
K           0.0025      0.0000      0.0025 
_______________________________________________________________________________
_ 
       POINT NEAR_UP CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -1.9984     -2.0000      0.0016      0.0000      0.0000      0.0016 
Y          -7.0493     -7.0500      0.0007      0.0000      0.0000      0.0007 
Z          -4.0491     -4.0500      0.0009      0.0000      0.0000      0.0009 
I          -1.0000     -1.0000      0.0000 
J           0.0001      0.0000      0.0001 
K          -0.0018      0.0000     -0.0018 
_______________________________________________________________________________
_ 
       POINT FAR_DOWN CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X           1.9948      2.0000     -0.0052      0.0000      0.0000     -0.0052 
Y           7.0506      7.0500      0.0006      0.0000      0.0000      0.0006 
Z          -4.0511     -4.0500     -0.0011      0.0000      0.0000     -0.0011 
I           1.0000      1.0000     -0.0000 
J          -0.0008     -0.0000     -0.0008 
K           0.0018      0.0000      0.0018 
_______________________________________________________________________________
_ 
       POINT FAR_UP CART PCS11 INCH ANGDEC 10:04 June 01,2001 
X          -2.0056     -2.0000     -0.0056      0.0000      0.0000     -0.0056 
Y           7.0511      7.0500      0.0011      0.0000      0.0000      0.0011 
Z          -4.0491     -4.0500      0.0009      0.0000      0.0000      0.0009 
I          -1.0000     -1.0000      0.0000 
J          -0.0009      0.0000     -0.0009 
K          -0.0024      0.0000     -0.0024 
_______________________________________________________________________________
_ 
      SPHERE BALL_A CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           6.2377      6.2500     -0.0123      0.0000      0.0000     -0.0123 



 

 

Y           6.7225      6.7227     -0.0002      0.0000      0.0000     -0.0002 
Z           4.0715      4.0716     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4999      0.5000     -0.0001      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -6.2484     -6.2500      0.0016      0.0000      0.0000      0.0016 
Y           6.7210      6.7209      0.0001      0.0000      0.0000      0.0001 
Z           4.0688      4.0689     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4998      0.5000     -0.0002      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0002      0.0004                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_C CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -0.0054      0.0000     -0.0054      0.0000      0.0000     -0.0054 
Y           6.7119      6.7177     -0.0058      0.0000      0.0000     -0.0058 
Z          -3.0770     -3.0784      0.0014      0.0000      0.0000      0.0014 
Dia         0.4998      0.5000     -0.0002      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0000      0.0004                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X          -6.2394     -6.2500      0.0106      0.0000      0.0000      0.0106 
Y          -6.7257     -6.7258      0.0001      0.0000      0.0000      0.0001 
Z           4.0716      4.0718     -0.0002      0.0000      0.0000     -0.0002 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0003      0.0004                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           6.2508      6.2500      0.0008      0.0000      0.0000      0.0008 
Y          -6.7238     -6.7246      0.0008      0.0000      0.0000      0.0008 
Z           4.0746      4.0747     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4997      0.5000     -0.0003      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0003      0.0004                   |+++* 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 INCH ANGDEC 10:07 June 01,2001 
X           0.0044      0.0000      0.0044      0.0000      0.0000      0.0044 
Y          -6.7177     -6.7177     -0.0000      0.0000      0.0000     -0.0000 
Z          -3.0785     -3.0784     -0.0001      0.0000      0.0000     -0.0001 
Dia         0.4999      0.4999     -0.0000      0.0050     -0.0050   ---*|++++ 
Cirlty                              0.0001      0.0004                   |+*++ 
_______________________________________________________________________________
_ 
OUTPUT BALLS IN MM TO 6 PLACES 
      SPHERE BALL_A CART PCS11 MM ANGDEC 10:07 June 01,2001 
X       158.438815                         
Y       170.751276                         
Z       103.416509                         
Dia      12.698178                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_B CART PCS11 MM ANGDEC 10:07 June 01,2001 
X      -158.709858                         
Y       170.712376                         
Z       103.347591                         
Dia      12.695312                         
Cirlty                                        0.010000                   |++*+ 
_______________________________________________________________________________
_ 



 

 

      SPHERE BALL_C CART PCS11 MM ANGDEC 10:07 June 01,2001 
X        -0.137235                         
Y       170.481270                         
Z       -78.156037                         
Dia      12.695131                         
Cirlty                                        0.010000                   |*+++ 
_______________________________________________________________________________
_ 
      SPHERE BALL_D CART PCS11 MM ANGDEC 10:07 June 01,2001 
X      -158.479751                         
Y      -170.831894                         
Z       103.418575                         
Dia      12.691503                         
Cirlty                                        0.010000                   |++*+ 
_______________________________________________________________________________
_ 
      SPHERE BALL_E CART PCS11 MM ANGDEC 10:07 June 01,2001 
X       158.769548                         
Y      -170.783413                         
Z       103.493872                         
Dia      12.693317                         
Cirlty                                        0.010000                   |+++* 
_______________________________________________________________________________
_ 
      SPHERE BALL_F CART PCS11 MM ANGDEC 10:07 June 01,2001 
X         0.112104                         
Y      -170.629645                         
Z       -78.193170                         
Dia      12.696367                         
Cirlty                                        0.010000                   |+*++ 
_______________________________________________________________________________
_ 
 


	DRAWING LIST
	ENGINEERING NOTE M7984
	page 2
	page 3
	Appendix A (drawings)
	25B420_4_E
	25B421_4_E
	sheet 2

	25B422_4_D
	25B423_4_D
	25B425_4_D
	25B426_4_C
	25B427_4_A
	25B428_4_B
	25B429_4_E
	25B431_4_D
	25B432_2_A
	25B433_4_B
	25B434_3_A
	25B435_2_A
	25B446_2_A

	Appendix B (images)
	chopper isometric view
	suspension system
	MEBT locations
	weldment photos
	assembly photos

	Appendix C (calculations)
	Cover plate deflection
	calculation
	FEA - edges simply supported
	sheet 2

	FEA - edges fixed
	sheet 2
	sheet 3

	Conclusions

	Chopper Support natural frequencies
	rectangular o-ring groove

	Appendix D (hardware)
	micrometer feedthru
	shoulder screw
	Job Order

	tooling ball
	bolts procurement
	weldment fab
	brackets
	quotations_1
	quotations_2
	quotations_3

	Vespel procurement
	sleeve
	sleeve_2
	Vespel_data
	Vespel_data_2

	Survey Fiducial Post
	hoist ring
	hoist ring_2

	Appendix E (fiducialization)
	Beambox #1 (25B421-1)
	sheet 2
	sheet 3
	sheet 4

	Beambox #2 (25B421-2)
	sheet 2
	sheet 3
	sheet 4




	Print: 
	Home: 
	BAck: 
	Forward: 


